Summary: Na+/H+ antiporter activation by incubation in bicarbonate buffered saline induces long flat anchored human lung fibroblasts in monolayer culture to retract their cytoplasmic processes and become eventually globular in form. Reduction of cell profile area and perimeter in antiporter mediated rounding (AMR) is quantitated by microspectrophotometry and the roundness form factor (PE) calculated from these parameters. Quantitatively, 2 stages of rounding are discernible. Stage I rounding is a simple retraction phenomenon where PE upshifts marginally. StageII rounding sees the cell transformed into globular refractile form where PE>0.5. Ultrastructural studies show appreciable swelling of rough ER in Stage I rounding. Stage II rounding is accompanied by enhanced swelling of rough ER and degranulation. A dynamic relationship between rough ER (RER) and smooth ER (SER) in different functional states of a cell is novel. Enlarged SER channels appear resolved in later stages as lysosomal bodies suggesting that degranulated ER membranes are lysosomal targets in autophagocytosis.
In cultured monolayer cells, we have shown that upshifting electroneutral Na±/H+ exchanges across the plasma membrane by (a) directly imposed ionic gradients via bicarbonate dependent 1-1± pumping or by (b) allosteric activation via growth factors and signal transduction pathways, produces rapid retraction of cytoplasmic processes with very considerable shrinkage of cell surface area. The process is described as antiporter mediated rounding (AMR) (Sit and Wong, 1989, 1991; Sit et al., 1990 Sit et al., , 1991a . We show here AMR producing a flat-to-round change in cultured human lung fibroblasts that is concomitant with very pronounced change in the rough endoplasmic reticulum (RER). RER changes from thin and flat cisterns in normally anchored cells to hugely inflated forms in rounded cells. The inflated ER is smooth. Smooth-surfaced ER (SER) is considered as a specialized species of ER that is abundant in certain cell types such as those involved in lipid metabolism. Otherwise, the vast majority of cells is perceived as having little or no SER except for a small region of RER called its 'transitional elements'. Transitional elements are involved in transporting material from ER to Golgi, as pinched off vesicles (Kelly, 1985; Alberts et al., 1989) . A dynamic relationship between RER and SER suggests a new perspective to structural and functional categorizations of ER membranes. Final resolution of degranulated ER channels into lysosomes provides new insights into formation of autophagosomes.
Materials and Methods

Cell cultures
Human lung fibroblasts (ATCC CCL 202) were grown in Dulbecco's modified Eagle's medium (DMEM, Sigma) supplemented with 10% foetal bovine serum (Cytosystems) as previously described (Sit, 1980 described (Sit and Wong, 1989) For transmission electron microscopy, the cells were grown in Teflon (Silkut) coated glass coverslips, and after FTR treatment, fixed in 5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2), followed by 2% osmium tetroxide in the same buffer. Details are as described previously (Sit et al., 1990) . Examination was done in a JEOL 1200EX.
Microspetrophotometric quantitation of cell area (time response)
Preparation and conditions for digitization of cell area and perimeter in the Reichert Univar Microspectrophotometer (Leica Cambridge) were as previously described (Sit and Wong, 1989) . 
Results and Discusssion
Figures 1A-1D show the progressive retraction and rounding of human lung fibroblasts when incubated with FTR solution that causes intracellular alkalinization from activated Na/I-1± exchanges (Sit and Wong, 1989; Sit et al., 1990 Sit et al., , 1991a . The reduction in profile area and perimeter are quantitated in Figs. 2 and 3 . These measured parameters when expressed in the rounding form factor, (47c x profile area) PE = , (see Fig. 4) shows that the perimeter2 cell is not quite round in the first 10 minutes of incubation (Fig. 1A) In transmission electron microscopy, this process of cell rounding is accompanied by very dramatic changes in the endoplasmic reticulum (ER) structure. Figure 5 shows the typical inconspicuous RER morphology of a normal human lung fibroblast in flattened anchored state. Width of the luminal space in these fine RER is about 20 nm, which is similar to published figures of RER luminal width (Alberts et al., 1989) in typical eukaryotic cells. By sharp contrast, the human lung fibroblast in Stage II rounding, is marked by multiple grossly dilated ER lumina of irregular shapes (Fig. 6) . Figures 7 and 8 show the ER structures in Stages I and II rounding, respectively. In Stage I rounding (Fig. 7) , RER has already become somewhat swollen with lumen widths measuring about twice (about 50 nm) that of the flattened anchored stage. In Stage 11 rounding the swelling has become so much enhanced that enlarged segments of the ER lumen may measure 100-750 nm in width and some 41,1m in length (see Fig. 8 ). A further striking feature is the loss of ribosomal granules in these enlarged ER structures. Since RER is defined as such because of their attached ribosomal granules, degranulation would, by definition, transform RER into SER. Rough to smooth ER trans- formations in different cellular states of the same cell is a novel phenomenon that has never been described before. Flat-to-round (FTR) change in cell shape with AMR is an immediately reversible phenomenon which occurs naturally when rounded cells are incubated in normal culture medium (Sit and Wong, 1989) . Cells detached by 1-'1111. treatment grow as well as those detached with trypsinization (Sit et al., 1990 (Sit et al., , 1991 . It is not certain, however, why RER swells and loses its granules in AMR of human lung fibroblasts. Special functions have been assigned to smoothsurfaced ER, viz., enzymes that synthesize lipid components of lipoproteins are said to be located in SER which also seem to contain enzymes that catalyze a series of reactions to detoxify both lipid-soluble drugs and harmful compounds produced by metabolism (Alberts et al., 1989) . Administering unusually large amounts of phenobarbital into the circulation causes increased SER surface area in hepatocytes in a few days (Ernster and Orrenius, 1965; Orrenius and Ericsson, 1966) . However this is cited as hypertrophy of SER and not conversion of RER to SER (Jones and Fawcett, 1966) . Upon removal of the drug, excess SER is removed in 5 days, specifically by a lysosomal-dependent process described as involving autophagosomes (see Beck et al., 1972) . In our case, the destruction of these degranulated ER channels are already initiated towards the end of Stage II rounding (at 30 minutes incubation period). Degranulated channels get surrounded by masses of small Golgi associated vesicles (Fig. 9) . Figure 10 shows degranulated ER channels converted into secondary lysosomes or autolysosomes. Autophagosomes are the result of segregation of cell cytoplasm and organelles by endoplasmic reticulum. Here, endoplasmic reticulum are being converted directly into autolysosomes. Lysosomes are cited as obtaining the materials they degrade from 3 main sources: (i) endosomes, (ii) phagosomes and (iii) autophagosomes (Alberts et al., 1989) . Now it seems possible that degranulated endoplasmic reticulum itself is a primary target.
